INTRODUCTION
Diatoms are important planktonic primary producers in continental shelf and slope environments where they support the most productive fisheries in the world. In the open ocean a large proportion of them tend to sink from the surface and become food for deep-water organisms (ARMBRUST, 2009 ). Diatom production is generally related to the availability of light and nutrients, while the community composition and succession are also influenced by species optima of temperature and salinity (SMAYDA, 1980) . As for other assemblages, diatoms are characterized by a few dominant species that form the bulk of community abundance and biomass, and many less abundant or rare species, which account for high local diversities. It was considered that the large pool of rare species with little contribution to total community abundance plays, nonetheless, an important role as 'seed bank' in the recruiting of new species under environmental change (CERMEÑO et al., 2010) . This process may lead to the slow, gradual evolution of marine diatom communities on a geological time scale. According to those authors, the great potential for the dispersal of microbial plankton species confers on planktonic ecosystems the ability to hold every taxonomic unit required to ensure community recovery in check.
Information on centric species of the families Asterolampraceae (Asterolampra Ehr. and Asteromphalus Ehr.) and Hemidiscaceae (Azpeitia Peragallo) of the southern Brazilian marine shelf and slope waters is presented. The Asterolampraceae diatoms are easily identified by light microscopy and are usually reported as rare phytoplankton components; only occasionally are they observed in large numbers (CUPP, 1943; HALLEGRAEF; JEFFREY, 1984; ISIK, 2002) . They can be found in all geographical regions but occur mainly intropical and subtropical areas (ROUND et al., 1990; HERNÁNDEZ-BECERRIL, 1991) , comprising three truly planktonic genera: Asterolampra with 30 species (two extant species: A. marylandica Ehr.; A. grevillei (Wallich) Greville), Asteromphalus Ehr. with 35 species (more than 17 extant species; ROUND et al., 1990; HERNÁNDEZ-BECERRIL, 1991) and Spatangidium Bréb. with one species (S. arachne Bréb.). In Brazil, seven taxa of Asterolampraceae have been recorded by Moreira-Filho et al. (1990 , 1993 ), Procopiaket al. (2006 and Villac et al. (2008) (Asterolampra marylandica Ehr., Asteromphalusarachne (Bréb.) Ralfs; A. elegans Greville; A. flabellatus (Bréb.) Greville; A. heptactis (Bréb.) Ralfs; A. hookerii Ehr. and A. sarcophagus Wallich) . However, during an annual cycle in coastal waters in the extreme south of Brazil, only Asteromphalus flabellatus and A. heptactis were observed, the former more frequent in October and December (austral spring/summer) but absent in winter because of the low water temperature (14 º C); A. heptactiswas always rare (ROSA, 1982) .
The genus Azpeitia has been described from fossil material and isreported to have flourished in the warm waters of the late Eocene, Oligocene and Miocence, with great diversity in the middle Miocene (FRYXELL et al., 1986) . The extant planktonic species were known as Coscinodiscus until FRYXELL et al. (op. cit.) transferred to Azpeitia the slightly cylindrical to discoid diatoms with a flat valve face, one marginal ring of large, similarly shaped rimoportulae and a large nearly central nodule, later recognized as the rimoportula located on the edge of the annulus. Electron microscopy (EM) analysis is required to detect these ultra-structures.
Of the seventeen known Azpeitia species only six are extant: Azpeitiaafricana (Janisch ex Schmidt) G. Fryxell and T.P. Watkins, A. barronii Fryxell and Watkins, A. endoi (Kanaya) P.A. Sims and G. Fryxell, A. neocrenulata (Van Landingham) G. Fryxell and T.P. Watkins, A. nodulifer (Schmidt) G. Fryxell and P.A. Sims, and A. tabularis (Grunow) G. Fryxell and P.A. Sims (FRYXELL et al., 1986) . The distribution of extant species tends to be tropical/subtropical except for Azpeitiatabularis, which is especially abundant in the Subantarctic Zone northwards and southwards of the Antarctic Convergence, and uncommon near ice (FRYXELL et al., 1986 PIOLA et al., 2008 . A secondary freshwater source is the Lagoa dos Patos lagoon (PL) off Rio Grande. The PPW low salinity waters mix with the Subantarctic Shelf Water (SASW) transported northward by the Patagonian Current, and with TW transported southward forming the Subtropical Shelf Water (STSW) PIOLA et al., 2008) .
The present study was conducted on two transections off SMGC (28°35'S) and Albardão-Chuí (AC, 33°45'S) ( Fig. 1 ) thus covering two areas with distinct oceanographic conditions in southern Brazil. A total of 27 oceanographic stations were distributed along cross-shelf transects during August/September 2005 (austral winter) and February 2007 (austral summer) on board the R.V. Atlântico Sul. Local depth ranged between 15m and 600m in coastal and slope waters, respectively. In situ temperature and salinity vertical profiles were measured with a Sensordata CTD at each station and these data are presented in Table 1 .
Plankton Sampling and Analysis
Net plankton samples (20 µm mesh size net) were obtained by vertical hauls in the whole water column (coastal stations) or in the upper 100 m (shelf and slope stations) and preserved with formaldehyde 4% neutralized with hexamethylenetetramine. Glass permanent slides (two per sample) were prepared with clean oxidized material dried on cover slips and mounted with Naphrax (SIMONSEN, 1974) . The whole coverslip surface was analyzed (magnification 400×) using the Zeiss Axiovert 135 optical inverted light microscope (LM) equipped with a Diagnostics Spot Insight camera for morphological analysis and measurements of the diatoms Asterolampraceae and Azpeitia species. The frequency of occurrence was estimated as a percentage of the number of stations at which each species was observed. For the scanning electron microscopy (SEM; JEOL JSM6060), cleaned valves and frustules were dried on a 16 mm diameter cover slip previously fixed on an aluminum stub, coated with gold at 1 kV for 4 min, and examined at an accelerating voltage of 15-20 kV and working distance of 10 mm. Dimensions: diameter: 35-191 µm; areolae in 10 µm: 12-20. Always 6 equal hyaline rays. Remarks: The valve presents a circular outline. The rays all have the same shape and width. The dimension range is greater than that described in the literature (HUSTEDT, 1930 cited 50 -150 µm in diameter). Fig. 3 is in morphological agreement with Asterolampra vanheurckii Brun, which is a synonym of A. marylandica (HASLE; SYVERSTSEN, 1996) . Peragalloand Peragallo (1897) (Fig. 2) ; 10 µm (Fig. 3) ; 5 µm (Fig. 4) ; 2 µm (Fig. 5) .
Asteromphalus elegan Greville, Quart. J. micr. Sci. 7: 161, pl.7, Fig. 6 . 1859. Fig. 6 . Dimensions: diameter: 67 µm; areolae in 10 µm: 12; Hyaline rays: 11. Remarks: The valve presents a quasi-circular outline. The central portion is round and extends one-half of the cell's diameter. The separating lines are slightly bent. The singular ray is thinner but has the same length as the other rays. The ordinary rays have the same width from their base to the valve's margin. The specimen studied presented 10 ordinary rays but a higher number is cited in the literature (11-26, HASLE; SYVERTSEN, 1996; 17-20, HERNÁNDEZ-BECERRIL, 1991) , and its dimension is rather smaller than those cited by Hasleand Syvertsen (1996: 100-180 µm diameter). The most closely similar species A. flabellatus does not present the slightly bent separating lines characteristic of A. elegans.
Asteromphalus flabellatus (Brébisson) Greville, Quart. J. Micr. Sci. 7: 160, pl.7, Figs. 4, 5. 1859 Figs. 7, 11, 12 . Dimensions: diameter: 64-92 µm; areolae in 10 µm: 12-15. Hyaline rays: 10-12. Remarks: The valve presents a circular outline. The central portion is round, extending almost one-third of the diameter. Separating lines are straight. The ordinary rays are straight, wider at their base than at the valve margin. The singular ray is thinner than the ordinary rays. All the specimens observed during this study presented a circular outline and eight out of the eleven specimens studied had 10 hyaline ordinary rays. Hasle andSyvertsen (1996) 
flabellatusas having a circular outline, but described it as Hustedt(1930); Peragallo; Peragallo (1897) ; Desikachary (1988) with arounded elliptical outline. Hernandez-Becerril (1991) , on the other hand, described the taxon with a subcircular or elliptical valve.
Figs 6 -9. Asteromphalus spp. LM images. Fig. 6 . A. elegans; Fig. 7 . A. flabellatus; Fig. 8. A. heptactis; Fig. 9 . A. robustus; Fig. 10 . S. arachne, the arrows indicate rimoportulae. Scale bars=10 µm. (Fig. 11) ; 10 µm (Fig. 13) ; 5 µm (Fig. 14) ; 2 µm (Fig. 12) . Dimension: diameter: 53-87 µm; striae in 10 µm near the margin: 6-8; rimoportulae in 10 µm: 2.16. Remarks: The striaepresent a decussate pattern. The taxon is easily identified in LM by the higher number of rimoportulae on one sector of the valve (see Fig.  19 ). The rimoportulae apertures are curved slits on the valve face's edge and can be easily observed (see Fig.  18 ). 13: 20, Figs 28-3, 5; 19-21 and 31. 1986. Figs. 20, 21, 27-30 . Dimension: diameter: 57-64 µm; striae in 10 µm near the margin: 4; rimoportulae in 10 µm: 1.53-1.74. Remarks: The striae are organized in radial and sublinear rows. The areolae are surrounded by six granules (Fig. 30) . The rimoportulae are found in higher number on one sector of the valve. In SEM, the external rimoportulae apertures are located on the edge of the valve face margin. 13: 18, Figs. 16 and 30-2. 1986. Figs. 24-26 . Dimension: diameter: 22-50 µm; striae in 10 µm near the margin: 11-12 rimoportulae in 10 µm: 1.14-1.83. Remarks: The areolae are organized in fascicules with a rimoportula on the valve face edge at the end of each fascicule. A diagnostic feature in LM is the mantle depressions near the rimoportulae position (Fig. 25) . At the valve center the areolae are organized in a circular area surrounded by a thin hyaline ring; the central rimoportula is located just off this ring (see Fig. 26 ).
Asteromphalus heptactis (Brébisson) Ralfs in
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Azpeitia barronii G. Fryxel and T.P. Watkins, Systematic Botany Monographs,
Azpeitia neocrenulata (Van Landigham) G. Fryxell and T.P. Watkins, Systematic Botany Monographs,
Azpeitia nodulifer (Schmidt) G. Fryxel and P.A. Sims. Systematic Botany Monographs, 13: 19, Figs. 17 and 30-34. 1986. Figs. 22-23, 31-33 . Dimension: diameter: 31-55 µm; striae in 10 µm near the margin: 5-6; rimoportulae in 10 µm: 2.98. Remarks: The striae are organized in radial rows and the areolae are surrounded by six or seven granules. The rimoportulae are equally separated. In the specimens studied, the most important feature used to identify A. nodulifer in LM was the rimoportulae apertures located on the valve mantle with an external nodule (Fig. 23) , while in SEM the presence of two rows of areolae on the mantle is characteristic of the external view (Fig. 33) . Fryxell et al. (1986) had difficulty in observing the rimoportulae apertures in the valve view, but we were able to distinguish them in LM; in all the other diagnostic features the material of A. nodulifer studied agreed with their observations.
Species Distribution
The diatoms of the family Asterolampraceae and Azpeitia spp. were generally present in low numbers in southern Brazilian winter and summer net samples, which were prepared for diatom analysis under the light microscope. Compared to the total number of stations, the frequency of occurrence of Asterolampraceae differed in both periods, as these species were more frequently observed in the winter (40%) than the summer samples (10%), while the frequency of the occurrence of Azpeitia was always low (approx. 10% in both periods). Spatially, both groups were more frequently observed in shelf slope samples (Fig. 34) . Asterolampraceae and Azpeitia species were present in 50% and 30% of samples, respectively, off SMGC, as compared to AC with 30% and 6%, respectively.
Three species were only found at one station: Asterolampra marylandica was observed off SMGC in winter at shelf slope station 5. Asteromphalus elegans and Asteromphalus robustus was observed in winter at shelf slope station 17 (Table  1) .
Asteromphalus flabellatus presented a wide distribution from the coast to the shelf slope in 23 % of the samples studied, mostly from the winter cruise (Fig. 34 ) when several valves (17) were observed off SMGC at station 7. Azpeitia africana was the only species which was also found on the shelf in summer at SMGC station 3. In winter, it was found off SMGC at stations 5, 6 and 7 and off AC at station 17. Fig. 24 . Note the areolae organized in fascicules. Fig. 25 .Image taken in lower focus. Note the depressions on the mantle (arrowed). Fig. 26 . Image taken in upper focus. Note the valve centre with areolae organized in a circular area surrounded by a thin circular hyaline area forming a ring and the central rimoportula (arrowed) located just off this ring. (22) (23) (25) (26) Phase Contrast; (20) (21) 24 , Bright field). Scale bars=10 µm. Fig. 31 . External view of a frustule. Fig. 32 . Partial view of a valve, showing areolae bordered by 6 and 7 granules (arrowed). Fig. 33 . Partial view of a frustule (detail of Fig. 31) showing the valve face margin ridge (black arrows), presence of two rows of areolae on the mantle and the rimoportulae positioned on the mantle and its external nodules (white arrows). Scale bars: 20 µm (Fig. 27) ; 5 µm (Figs. 28, 30) ; 10 µm (Figs 29, 31, 32) ; 2 µm (Fig. 33) . Most species were found only at shelf slope stations: Asteromphalus heptactis was found in winter off SMGC (station 5) and AC (station 16) and in summer off AC (station 17). Spatangidiu marachne was found in winter off AC (station 17) and in summer off SMGC (stations 6 and 7). Azpeitiabarronii was found off SMGC in winter and summer at shelf slope station 6. Azpeitianeo crenulata was found off SMGC and AC in winter (stations 5, 6 and 17) and in summer (stations 6, 7 and 17). Azpeitiano dulifer was found off SMGC on the shelf slope in winter (SMGC station 5) and summer (station 6 and 7).
DISCUSSION
The diatoms of the family Asterolampraceae and Azpeitia species were found in low numbers (generally one or two valves per slide) in southern Brazilian winter and summer net samples, as generally observed elsewhere. Only occasionally are Asterolampraceae species found in large numbers, as reported for Asteromphalus flabellatus in fall and winter (frequency of 61-100% in January) in Turkey (POLAT; ISIK, 2002) and A. heptactis off California (CUPP, 1943) . In our study, A. flabellatus presented the highest frequency of occurrence and a wide spatial distribution compared to that of the other species. It was mainly observed in winter samples from nearshore to the shelf slope off both areas SMGC and AC, with higher occurrence frequency at SMGC. Northward in Brazilian coastal waters, A. flabellatus and A. heptactis were found under the influence of upwelling off Cabo Frio (23 o S; MACEDO et al., 1975; VALENTIN et al., 1985) . Hernández-Becerril (1991) classified A. flabellatus as distributed worldwide in warm waters and A. heptactis as cosmopolitan. In the Southwestern Atlantic Ocean from 30 o S to 61 0 S, a plankton study was conducted in spring and A. heptactis was classified as a subtropical species with a mean proportion of ca. 0.1%, while A. flabellatus was not mentioned (OLGUIN et al., 2006 Asterolampra marylandica is generally accepted as a warm water species (HASLE; SYVERSTSEN, 1996) , however in Turkey, it was commonly (16-40%) recorded in winter in waters within a range of between 15-18 °C (POLAT et al., 2000; POLAT, 2002) . We found it only once at station 5 in winter, where Tropical Water prevailed in the upper 100 m of the water column.
The co-occurrence of four Azpeitia species (A. africana, A. barronii, A. neocrenulata and A. nodulifer) in oceanic waters of SMGC in summer (slope stations 5 and 6) is unusual in the literature. The offshore distribution of Azpeitia coincided with the prevalence of Tropical Water with high salinity (>36) and temperature (>20 0 C) in the upper 100 m of the water column. These four Azpeitia species were also found in surface sediment samples collected during several cruises between 27 o S and 50 0 S and were classified as Tropical/Subtropical by Romero and Hensen (2002) . Thus the warm-water preference of Azpeitia species in southern Brazilian waters seems to confirm the biogeographical trend proposed by Fryxell et al. (1986) We conclude that except for Asteromphalus flabellatus, which presented a wider spatial distribution, the diatoms of the family Asterolampraceae and of the genus Azpeitia found in southern Brazilian waters are probably warm water species. This is reinforced by the fact that they were found in Southwestern Atlantic surface sediments harboring tropical/subtropical diatom assemblages by Romero; Hensen (2002) . The occurrence of four Azpeitia species at the same slope station (station 6), off Santa Marta Grande Cape under the influence of Tropical Water in winter and summer is not usual and indicates their potential as proxies for eventual oceanographic changes in southern Brazil.
